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EXECUTIVE SUMMARY  

Potomac Economics provides this State of the Market Report for 2021 to the Public Utility 

Commission of Texas in our role as its Independent Market Monitor (IMM).  This report 

presents our assessment of the outcomes of the wholesale electricity market in the Electric 

Reliability Council of Texas (ERCOT).  Additionally, we recommend changes to improve the 

competitive performance and operation of the ERCOT markets.   

ERCOT manages the production and flow of electric power to more than 26 million Texas 

customers ï about 90% of the state's total electric demand.  Every five minutes, the ERCOT 

markets coordinate the electricity production from more than 710 generating resources to satisfy 

customer demand and manage the resulting flows of power across more than 46,500 miles of 

transmission lines in the region.  Additionally, the prices produced by the markets facilitate the 

long-term investment and retirements of resources in the ERCOT region.  Hence, the marketsô 

performance that we evaluate in this report is critical for maintaining reliability in Texas. 

2021 was an extraordinary year for the ERCOT markets as it dealt with the effects and aftermath 

of Winter Storm Uri.  This report includes a detailed discussion of the Winter Storm Uri event, 

including the lessons it provided.  To isolate these effects and show the trends in other hours, we 

show two versions of a number of figures in this report, one for the entire year and a second one 

with the effects of the storm removed.  In addition, we have added a new section to this report 

that discusses the changing grid and future needs of the market.  These findings are summarized 

at the end of this executive summary.  Key results in 2021 include the following:  

Winter Storm Uri 

¶ The defining event in ERCOT in 2021 occurred on February 13 through 19 when Winter 

Storm Uri hit the ERCOT region, causing widespread outages of generation, natural gas 

supply, and transportation equipment.  These outages caused a severe supply/demand 

imbalance and required ERCOT to order curtailment of load to maintain the operation of 

the bulk electric system and prevent widespread collapse. 

¶ Energy prices in the day-ahead market and real-time market remained at or near the offer 

cap for most of this time.  The extended shortage pricing created extreme financial 

outcomes for some market participants.  This was particularly true for those exposed to 

day-ahead or real-time prices due to insufficient coverage through financial contracts or 

generators unable to operate during the storm to hedge this exposure. 
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¶ The total value of electricity during this event was $59 billion.1  Since many utilities 

supply some or all of their needs from owned or purchased generation, the net purchases 

of energy and ancillary services from ERCOT during the event was much less than that 

total value.  

Competition and Market Power 

¶ There is little evidence that suppliers abused market power in the wholesale market to 

raise system-wide prices through traditional withholding strategies.   

  However, a non-traditional withholding strategy emerged in the latter half of the 

year given ERCOTôs increased commitment of resources through Reliability Unit 

Commitment (RUC) and the high RUC offer floor associated with that commitment 

established in the protocols.  

  This incentive issue has been subsequently addressed via a rule change proposed by 

the IMM and passed by the ERCOT stakeholders, the ERCOT Board of Directors, 

and the Public Utility Commission of Texas.2  

¶ In some local areas, transmission system limitations on the amount of power that can 

flow into the area can increase opportunities to abuse market power.  However, mitigated 

offer price caps in these situations effectively addressed these opportunities in 2021. 

Demand for and Supply of Electricity 

¶ The highest electricity demand in 2021 was 72,339 megawatts (MW), occurring on 

September 1 between 4 and 5 p.m.  This was about 2,500 MW lower than the all-time 

peak demand set on August 12, 2019.  Backcast analysis of Winter Storm Uri indicated 

that demand could have reached as high as 76,819 MW during the storm, had the ERCOT 

system been able to serve the entire demand.3  

¶ Although total consumption was higher than 2020, the daily peaks were generally lower, 

partly because of the effects of the COVID-19 pandemic in the early part of the year.   

¶ The supply of generation in the ERCOT region continues to evolve.  Over 7,000 MW of 

new wind and solar resources, 820 MW of energy storage resources (ESRs), and 

approximately 700 MW of natural gas supply came online in 2021.   

¶ Approximately 172 MW of wind and natural gas resources retired in 2021.   

 
1
  We previously quantified the impact as $56 billion for February 14-19.  In this report we also include 

February 13, which brings the total to $59 billion. 

2  NPRR1092: Reduce RUC Offer Floor and Limit RUC Opt-Out Provision. 

3
  https://www.ercot.com/files/docs/2021/03/03/Texas_Legislature_Hearings_2-25-2021.pdf 

https://www.ercot.com/files/docs/2021/03/03/Texas_Legislature_Hearings_2-25-2021.pdf
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Market Outcomes and Performance 

¶ Average energy prices increased by more than six times to $167.88 per megawatt-hour 

(MWh).  This change was primarily due to the extreme supply shortages and resulting 

prices during Winter Storm Uri, and to a lesser extent due to higher average natural gas 

prices during the balance of the year. 

¶ Transmission congestion in the real-time market was up 46% in 2021, totaling $2.1 

billion.  More than $560 million of this was generated during Winter Storm Uri. 

  Electric transmission networks become congested when power flows reach the limit  

on a transmission line.  To resolve the congestion, costs are incurred to alter 

generation in different locations. 

¶ ERCOT is increasingly limiting the flows across certain network paths to maintain the 

stability of the system, which increases transmission congestion costs.  These stability 

issues have partly been caused by the increase in inverter-based resources.  The 

congestion rent associated with these stability constraints increased from $190 million in 

2020 to $400 million in 2021, roughly 20 percent of all real-time congestion costs. 

¶ ERCOT changed its operational posture in July 2021 by increasing reserves, which 

substantially affected market outcomes in the second half of the year. This change 

included: 

  Increased non-spinning reserve requirements; 

  More routine use of RUC, including issuing instructions earlier in the day and 

committing more longer-lead time resources; and 

  Adjusting the selection of forecasts to more frequently rely on the highest load 

forecast and the lowest wind and solar forecasts. 

Planned Changes to Improve Market Performance 

¶ The most important market change underway is ERCOTôs improvement of its real-time 

market to optimize the scheduling of its resources each five minutes for providing energy 

and operating reserves, also known as ñreal-time co-optimizationò or RTC.   

  This was planned to go live in 2025.  Due to significant issues identified following 

Winter Storm Uri, ERCOT has postponed the RTC project.   

  RTC should be prioritized given its promise to improve pricing during supply 

shortages and better utilize the existing generation fleet. 

¶ ERCOT continues to plan for the integration of emerging technologies, such as ESRs and 

distributed generation resources (DGRs).   

Below are more detailed summaries of each of the key findings of this report. 
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Winter Storm Uri  

In February 2021, the ERCOT grid experienced unprecedented disruptions in electricity and 

natural gas service during Winter Storm Uri, resulting in widespread prolonged outages 

throughout the ERCOT region.  The storm produced unusually low temperatures across the state, 

which were sustained over many days.  Taken together, these conditions were much more severe 

than typical peak winter conditions. 

The Dallas-Ft. Worth (DFW) area experienced 140 consecutive hours at or below freezing, with 

a minimum temperature of -2° F.  This is 15° F colder than in the winter event in 2011 and was 

sustained for 39 more hours.4  In the Austin area, these extremes were even more pronounced, 

with nearly 100 more hours at or below freezing temperatures compared to 2011. 

Beginning on February 12, 2021, a Declaration of a State of Disaster for all counties in Texas 

was issued pursuant to Texas Government Code § 418.014 in response to the extreme winter 

weather event.  These extraordinary conditions simultaneously:  a) increased electric demand 

significantly above forecasted peak winter demand and b) reduced the available generation 

because of forced outages and fuel shortages.  The simultaneous sharp increase in the demand 

and large reduction in supply produced a large supply-demand imbalance that resulted in 

sustained demand outages.  These conditions emerged in the early morning hours of February l5, 

2021 when ERCOT declared its highest state of emergency, Energy Emergency Alert Level 3 

(EEA3), as the exceptional electric demand exceeded the available supply.  To stabilize the 

rapidly deteriorating grid conditions, ERCOT ordered transmission companies to reduce demand 

on the system by implementing outages for customers (also termed ñload shedò).  These outages 

are designed to rotate to reduce the impact to customers, but transmission companies were 

unable to rotate in many cases because of the depth of the load shed.  ERCOT remained in EEA3 

through mid-morning February 19, 2021. 

At the height of the storm, more than 52 gigawatts (GW) of generation resources in the ERCOT 

region were unavailable.  The majority of those outages were caused by equipment failure, fuel 

shortages, or other weather-related issues related to the storm.  ERCOT also experienced a 

number of transmission issues during Winter Storm Uri that impacted grid operations.  

Unfortunately, the load shedding caused some natural gas facilities to lose power (facilities that 

were facing their own weather-related issues), reducing their ability to deliver gas to natural gas-

fired generators, and exacerbating the supply shortage. 

We did not find any evidence of ERCOT market participants exercising market power during the 

event.  However, as we reported in last yearôs State of the Market5, the energy and ancillary 

 
4
  https://comptroller.texas.gov/economy/fiscal-notes/2021/oct/winter-storm-impact.php 

5
  https://www.potomaceconomics.com/wp-content/uploads/2021/06/2020-ERCOT-State-of-the-Market-

Report.pdf  

https://comptroller.texas.gov/economy/fiscal-notes/2021/oct/winter-storm-impact.php
https://www.potomaceconomics.com/wp-content/uploads/2021/06/2020-ERCOT-State-of-the-Market-Report.pdf
https://www.potomaceconomics.com/wp-content/uploads/2021/06/2020-ERCOT-State-of-the-Market-Report.pdf
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services markets both produced outcomes that were inefficient.  These issues were resolved on a 

going-forward basis after the storm.  

Real-time Energy Pricing Outcomes 

Real-time prices during shortage conditions is critical important, particularly in ERCOTôs 

energy-only market, because it provides the economic signals necessary for generators to be 

available.  When supply shortages prevent ERCOT from serving the load, prices should reflect 

the ñvalue of lost loadò (VOLL) of $9,000 per MWh, which is also the system-wide offer cap.  

However, despite firm load shed at the outset of Winter Storm Uri, energy prices cleared at less 

than $9,000 per MWh and dipped as low as approximately $1,200 per MWh on February 16, 

2021.  These prices were caused by prevailing pricing rules that did not account for the firm load 

shed, although they account for other out-of-market actions by operators.6  In response, the 

Commission directed ERCOT to account to modify the pricing rules to address this issue, which 

corrected the pricing after February 16.7 

It is equally important that prices not reflect VOLL when the system is not in shortage.  

Transmission operators received the recall of the last of the firm load shed instructions just 

before midnight on February 17, but prices were held at the VOLL of $9,000 per MWh through 

mid-morning on February 19.  This increased the valuation of energy during the event 

substantially, but increased settlement costs to loads by much less because of load-serving 

entitiesô owned generation and supply purchases.    

Finally, the system includes a form of ñcircuit breakerò for extended periods of high prices called 

the peaker net margin (PNM) threshold, which was exceeded during February 16, 2021, for the 

first time in ERCOTôs history.  The PNM is the estimated revenues a new peaking resources 

would earn above its marginal operating costs.  When these estimated revenues exceed the 

established threshold of three times the annual cost building a new peaking unit (a.k.a., the ñCost 

of New Entryò or CONE), the system-wide offer cap is reduced from the initial high system-

wide offer cap (HCAP or $9,000 per MWh) to the low system-wide offer (LCAP) for the 

remainder of the calendar year.  In February 2021, the LCAP was defined as the greater of either 

$2,000 per MWh or 50 times the natural gas price (also known as the fuel index price or FIP).  

Natural gas index prices reached values over $400 per MMBtu during the load shed event, 

compared to around $3 per MMBtu on average during previous years.  As a result, the LCAP (50 

times FIP, or up to $20,000) exceeded the HCAP of $9,000.  Therefore, the Commission 

 
6
  These out-of-market-actions include ERCOT issuing RUC instructions or deploying ERS. 

7   See Calendar Year 2021 - Open Meeting Agenda Items without an Associated Control, Project No. 51617, 

Second Order Directing ERCOT to take Action and Granting Exception to Commission Rules at 1-2 (Feb. 16, 

2021).  
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suspended use of the LCAP8 to avoid an outcome contrary to the purpose of the rule ï to protect 

consumers from sustained high prices.  Suspension of LCAP occurred on March 3, 2021.9    

The Commission addressed real-time energy pricing issues following Winter Storm Uri.  In PUC 

Project No. 51871, Review of the ERCOT Scarcity Pricing Mechanism, the Commission deleted 

the provision that tied the LCAP to natural gas prices.  The revised rule makes resources whole 

to their actual marginal costs when the LCAP is in effect. In PUC Project No. 52631, Review of 

25.505, the Commission lowered the HCAP to $5,000 per MWh effective January 1, 2022. 

Ancillary Services Pricing Outcomes 

During the February 2021 Winter Storm Uri, ancillary service market clearing prices for capacity 

(MCPCs) reached record highs, well above the system-wide offer cap in effect at the time due to 

the design of the day-ahead market (DAM) clearing algorithm, which considered resourcesô 

opportunity cost of providing other services.  Those opportunity costs were higher than had 

previously been encountered.  Additionally, the ancillary service penalty factors for not awarding 

ancillary services, the assumed cost of being short of ancillary services, were set at levels 

arbitrarily higher than the system-wide offer cap.  This was significant because ancillary service 

offers were frequently insufficient during Winter Storm Uri.  Therefore, the DAM algorithm set 

MCPCs in excess of $25,000 per MW, far above the VOLL and HCAP of $9,000 per MWh.  

Because ancillary services are procured to reduce the probability of shedding load, it is not 

economically reasonable to value them in excess of VOLL.  This issue overvalued ancillary 

services by close to $2 billion and affected participantsô net settlements by roughly $900 million 

after accounting for utilitiesô owned and purchased generation.   

ERCOT and the IMM subsequently cosponsored NPRR1080, Limiting Ancillary Service Price to 

System-Wide Offer Cap and the accompanying Other Binding Document Revision Request 

(OBDRR030): Related to NPRR1080, Limiting Ancillary Service Price to System-Wide Offer 

Cap, both approved in June 2021, to limit ancillary service MCPCs to the system-wide offer cap. 

This limitation was implemented by reducing the penalty factors to values equal to or 

immediately below the system-wide offer cap.  This will prevent MCPCs from exceeding the 

system-wide offer cap, consistent with sound economic principles. 

In addition to extraordinarily high ancillary services prices, there were a number of instances 

during Winter Storm Uri when ancillary services were not provided by individual resources in 

real time because of forced outages or deratings.  During normal conditions, an ERCOT operator 

typically notes the short amount so that the day-ahead ancillary service payment will be recouped 

 
8
  See Calendar Year 2021 - Open Meeting Agenda Items without an Associated Control, Project No. 51617, 

Second Order Directing ERCOT to take Action and Granting Exception to Commission Rules at 2 (Feb. 16, 

2021). 

9  Issues Related to the State of Disaster for the February 202 1 Winter Weather Event, Project No. 51812, 

Order Reinstating Low System-Wide Offer Cap at 1-2 (Mar. 3, 2021).  
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the entity in settlement.  However, the ERCOT operators did not complete this task during the 

winter event.  Therefore the "failure to provide" settlements were not invoked in real time and 

short entities were able to keep their day-ahead payments.10 

In response to a recommendation by the IMM,11 the Commission directed ERCOT to resettle 

each entity that failed on its ancillary service supply responsibility in accordance with ERCOT 

Nodal Protocol section 6.4.9.1.3 for any hour of ERCOT's operating days February 14, 2021, 

through February 19, 2021.12  Invoking the "failure to provide" settlement for these ancillary 

services ensured that market participants were not paid for services that they did not provide 

during Winter Storm Uri. 

Moving Forward from Winter Storm Uri   

The sustained shortage pricing led to billions of dollars in excess costs and numerous defaults 

that ERCOT and that the State of Texas will continue to grapple with for years to come.  ERCOT 

short payments (money owed by entities that was not paid to ERCOT) during Winter Storm Uri 

exceeded $3 billion.  Several retail electric providers were forced to exit the market and one 

large electric cooperative is seeking bankruptcy protection.  The financial stress on the ERCOT 

market led to significant intervention by the Texas Legislature and the Commission discussed 

below, which together authorized and implemented broad securitization and financing measures 

to stabilize the wholesale market.13    

Competition and Market Power  

We evaluate market power from two perspectives: structural (does market power exist?) and 

behavioral (have attempts been made to exercise it?).  Based on our analysis, we find that 

structural market power continues to exist in ERCOT, but there is no evidence that suppliers 

abused market power in 2021 based on traditional withholding strategies.  However, we 

identified a specific withholding strategy related to ERCOTôs new operational posture and filed a 

protocol change to address it. 

 
10

  Removing the operator intervention step and automating the "failure to provide" settlement was contemplated 

in NPRR947, Clarification to Ancillary Service Supply Responsibility Definition and Improvements to 

Determining and Charging for Ancillary Service Failed Quantities; however, the NPRR was withdrawn in 

August 2020 because of the system cost, some complexities related to ancillary service trades, and the 

impending implementation of RTC.  

11  Issues Related to the State of Disaster for the February 202 1 Winter Weather Event, Project No. 51812, 

Potomac Economics' Letter to Commissioners at 1 (Mar. 1, 2021).  

12  Id., Second Order Addressing Ancillary Services at 2 (Mar. 12, 2021).  

13  See SB 2, SB 3, SB 2154, SB 1580, HB 4492, Application of the Electric Reliability Council of Texas, Inc. 

for a Debt Obligation Order under PURA Chapter 39, Subchapter M, and Request for a Good Cause 

Exception, Docket No. 52321 (Oct. 13, 2021), and Application of the Electric Reliability Council of Texas, 

Inc. for a Debt Obligation Order to Finance Uplift Balances under PURA Chapter 39, Subchapter N, and for 

a Good Cause Exception, Docket No. 52322 (Oct. 13, 2021).   

https://capitol.texas.gov/billlookup/text.aspx?LegSess=87R&Bill=SB2
https://capitol.texas.gov/BillLookup/Text.aspx?LegSess=87R&Bill=SB3
https://capitol.texas.gov/BillLookup/Text.aspx?LegSess=87R&Bill=SB2154
https://capitol.texas.gov/BillLookup/Text.aspx?LegSess=87R&Bill=SB1580
https://capitol.texas.gov/BillLookup/Text.aspx?LegSess=87R&Bill=HB4492
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Structural Market Power 

In electricity markets, a more effective indicator of potential market power than traditional 

market concentration metrics is to analyze when a supplier is ñpivotal.ò A supplier is pivotal 

when its resources are needed to fully satisfy customer demand or reduce flows over a 

transmission line to manage congestion.  The results below indicate that market power continues 

to exist in ERCOT and requires mitigation measures to address it.  Over the entire ERCOT 

region:  

¶ Pivotal suppliers existed 18% of all hours in 2021, compared to 22% in 2020.   

¶ Under high-load conditions, a supplier was pivotal in more than 70% of the hours, since 

competing supply is more likely to already have been fully utilized. 

Market power can also be a much greater concern in local areas when power flows over the 

network cause transmission congestion that isolate these areas.  Market rules cap prices that 

suppliers can offer in these cases, mitigating suppliersô ability to abuse market power. 

Behavioral Evaluation 

In addition to the structural analysis of market power, we evaluate behavior to assess whether 

suppliers engaged in behavior to withhold supply in order to increase prices.  Economic 

withholding occurs when a supplier raises its offer prices to levels well above the expected 

marginal cost to produce electricity.  This has the effect of withholding energy from the market 

that otherwise would have been economic to produce.  Physical withholding occurs when a 

supplier makes a resource unavailable.  Either of these strategies will result in the suppliersô 

other resources receiving a higher price because of the artificially decreased supply.  

We examine the output gap metric to identify potential economic withholding.  The output gap is 

the quantity of energy that is not produced by online resources even though the output would 

earn the supplier profits.  Our analysis shows that in 2021, the output gap quantities remained 

very small, and only 22% of the hours in 2021 exhibited an output gap of any magnitude. 

Regarding potential physical withholding, we find that both large and small market participants 

made more capacity available on average during periods of high demand in 2021 by minimizing 

planned outages and maximizing the generation offered from each resource.  These results allow 

us to conclude that the ERCOT market performed competitively in 2021. 

However, during the second half of 2021, we noted that self-commitment of a particular large 

supplier lagged previous trends, and we concluded that this was likely due to ERCOTôs 
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increased use of RUC and the high offer floor resulting from those actions.  A market rule 

revision was proposed and passed by the ERCOT stakeholders to address this issue.14 

Demand for and Supply of Electricity 

Changes in the demand for and supply of electricity account for many of the trends in market 

outcomes.  Therefore, we evaluate these changes to assess the marketôs performance. 

Demand in 2021 

Total demand for electricity in 2021 increased by roughly 3% from 2020 ï an increase of 

approximately 1,300 MW per hour on average as the effects of the pandemic dissipated and the 

Texas economy continued to grow.  The Houston area saw a 3.5% increase and the West Texas 

region showed an increase of 7.2% on average.  The increase in the West zone is notable because 

it follows a 3% increase in 2020.  In recent years, oil and natural gas production activity has been 

the driver for growing demand in the West zone, which slowed somewhat in 2020 because of the 

effects of the pandemic and low oil prices. 

 

Weather impacts on demand were mixed across all zones.  We measure the impact weather has 

on electricity use by quantifying heating and cooling degree days ï the amount by which the 

average daily temperatures are above or below 65° F.  Residential and commercial electricity use 

increases quickly as the number of cooling degree days grows because of the demand for air 

conditioning.  In June, July and August, cooling degree days decreased 3%, 7% and 11% from 

2020 in Houston, Dallas and Austin, respectively.       

 

Peak hourly demand occurred on August 24, 2021, at 73,687 MW, lower than the record demand 

of 74,820 MW set in 2019.15  The level of peak demand is important because it can affect the 

probability and frequency of supply shortage conditions.  However, in recent years, peak net load 

(demand minus renewable resource output) has been a more important determinant of supply 

shortages.  Supply shortage events are important in ERCOT because the very high prices during 

these events play a key role in supporting investment and maintaining the generation in ERCOT.  

Supply in 2021 

Approximately 8,800 MW of new generation resources came online in 2021, the bulk of which 

were intermittent renewable resources.  The remaining capacity was: 

 
14  NPRR1092, Reduce RUC Offer Floor and Limit RUC Opt-Out Provision, was filed by the IMM and 

approved by the Board on April 27, 2022.  As of May 13, 2022, the RUC offer floor was reduced to $250 per 

MWh but the RUC opt-out provision will become more limited in its applicability once ERCOT completes 

system implementation.   
15  https://www.ercot.com/files/docs/2021/11/09/DemandandEnergy2021.xlsx  

https://www.ercot.com/files/docs/2021/11/09/DemandandEnergy2021.xlsx
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¶ 660 MW from combustion turbines; 

¶ 70 MW from combined cycle; and 

¶ 820 MW of ESRs.  

ERCOT had roughly 1,800 MW of new installed wind capacity and 2,500 MW of new installed 

solar capacity going into summer 2021 compared to summer 2020, with an effective peak 

serving capacity totaling 2,400 MW.  Sixteen gas-fired projects, 36 wind projects and 26 solar 

projects came online in 2021.  The 24 storage projects that came online in 2021 increased 

ERCOTôs storage capacity by a factor of five to around 1 GW.  There were 172 MW of 

retirements in 2021 ï 150 MW wind and 22 MW gas.   

These resource changes along with changes in fuel prices led to the following changes in 

electricity production in 2021: 

¶ The percentage of total generation supplied by wind resources continued to increase to 

more than 24% of all annual generation.   

¶ The share of generation from coal was slightly higher than in 2021, likely because rising 

gas prices made coal more economic than it was in 2020. 

¶ Natural gas generation decreased in 2021 from 46% in 2020 to less than 42% in 2021 as 

natural gas prices rose sharply. 

¶ The amount of utility-scale solar capacity added in 2021 (3,600 MW by the end of the 

year) was the largest amount of solar added to the ERCOT system in any year so far, 

bringing total installed capacity to nearly 9,600 MW. 

One of the primary functions of the wholesale electricity market is to provide economic signals 

that will facilitate the investment needed to maintain an adequate set of resources to satisfy the 

systemôs needs.  Although prices in 2021 did produce revenues sufficient to support profitable 

investment in new conventional resources, this was primarily due to Winter Storm Uri.  These 

revenues are not likely to be expected in future years.   

As described in more detail in the Future Needs of the ERCOT Market section, ERCOT adopted 

a more conservative posture with regard to operating the grid in July 2021.  ERCOT began 

requiring additional operational reserves and bringing additional generation online outside of the 

market.16  With this more conservative posture in ERCOT's operations and the significant market 

design changes being contemplated and implemented, we expect significant changes in the 

economic signals provided by the ERCOT markets.  Therefore, it will be crucial to closely 

observe and evaluate the market outcomes in 2022 and beyond since these changes have 

implications for adequacy of ERCOTôs resources in the long-term. 

 
16

  https://www.ercot.com/news/release?id=5fef298c-fbd7-34d3-39ee-d3fc63e568c2 

https://www.ercot.com/news/release?id=5fef298c-fbd7-34d3-39ee-d3fc63e568c2
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ERCOT heads into the summer months of 2022 with a calculated reserve margin of 23.9%, 

notably higher than the 15.5% reserve margin for 2021, 12.6% for 2020 and the 8.6% reserve 

margin from 2019.  Most of the increase is due to new solar and wind resources, which is a trend 

expected to continue in the coming years. 

Review of Market Outcomes and Performance 

ERCOT operates electricity markets in real-time for energy (electricity output) and in the day-

ahead timeframe for both energy and ancillary services (mainly operating reserves that can 

produce energy in a short period of time).  We discuss the prices and outcomes in each of these 

markets below. 

Real-Time Energy Prices 

Real-time energy prices are critical in ERCOT even though only a small share of the power is 

actually transacted in the real-time market (i.e., far more is transacted in the DAM or bilaterally).  

This is because real-time prices are the principal driver of prices in the DAM and forward 

markets.   

There are two primary drivers for market prices: the price of natural gas and the number of hours 

of supply shortages during the year.  We expect electricity prices to be correlated with natural 

gas prices in a well-functioning market because fuel costs represent the majority of most 

suppliersô marginal production costs and natural gas units are generally on the margin in 

ERCOT.   

In 2021, the average natural gas price was higher than any recent year.  Combined with the 

extreme winter event, rising natural gas prices caused real-time energy prices to average just 

under $170 per MWh.  Removing the period of Winter Storm Uri reveals an average real-time 

energy price of about $41 per MWh, which is consistent with the natural gas prices that prevailed 

in 2021. The following table shows the trend in prices throughout ERCOT in recent years.  

Average Annual Real-Time Energy Market Prices by Zone 

  

($/MWh) 2014 2015 2016 2017 2018 2019 2020 2021

2021 

w/o Uri

ERCOT $40.64 $26.77 $24.62 $28.25 $35.63 $47.06 $25.73 $167.88 $40.73

Houston $39.60 $26.91 $26.33 $31.81 $34.40 $45.45 $24.54 $129.24 $42.78

North $40.05 $26.36 $23.84 $25.67 $34.96 $46.77 $23.97 $206.39 $41.57

South $41.52 $27.18 $24.78 $29.38 $36.15 $47.44 $26.63 $187.47 $39.98

West $43.58 $26.83 $22.05 $24.52 $39.72 $50.77 $31.58 $105.27 $35.51

($/MMBtu) 

Natural Gas $4.32 $2.57 $2.45 $2.98 $3.22 $2.47 $1.99 $7.30 $3.62
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This table shows that prices vary across the ERCOT market because of transmission congestion 

that arises as power is delivered across the network to consumers in different locations.  The 

pattern of zonal pricing in 2021 differed from the last few of years, with the Houston and West 

zones experienced the lowest load-weighted prices because of lower load levels during Winter 

Storm Uri.  When the effect of Winter Storm Uri is removed, the West zone has the lowest prices 

because of:  1) the completion of certain transmission projects in the West zone that had caused 

high prices in previous years; and 2) the large amount of local wind and solar generation that 

frequently causes export constraints to bind out of the zone. 

As an energy-only market, ERCOT relies heavily on high real-time prices during shortage 

conditions to provide key economic signals for the development of new resources and retention 

of existing resources.  Supply shortages are priced based on the value of operating reserves that 

ERCOT can no longer hold because of the limited supply.  This value is embodied in the 

Operating Reserve Demand Curve (ORDC).  When the system is in shortage, the relevant ORDC 

value will set operating reserve prices and be included in the energy price. The frequency and 

impacts of shortage pricing can vary substantially from year-to-year.  For example, the extreme 

weather event in February 2021 led to prices greater than $1,000 per MWh in 166 hours in 2021 

compared to only 7 hours in 2020.  Additionally, in 2021 prices at or near the system-wide offer 

cap of $9,000 in intervals totaling roughly 98 hours.17 

In reviewing the shortage pricing in ERCOT, it is important to note changes directed by the 

Commission in recent years.  In 2019 and 2020, the Commission adjusted the ORDC curve to 

accelerate the shortage pricing toward the VOLL (normally $9,000 per MWh) at higher reserves 

levels.  These 2019 and 2020 changes increased costs to load but also provided incentives to 

maintain higher operating and planning reserves.  These changes were in place throughout 2021, 

including during Winter Storm Uri.   

In the aftermath of Winter Storm Uri, the Commission made additional changes to the ORDC.  

Effective January 1, 2022, the Minimum Contingency Level (MCL) was increased to 3,000 MW 

and the HCAP and VOLL were reduced from $9,000 per MWh to $5,000 per MWh.18  These 

changes will cause prices to rise more quickly at small shortage levels, but plateau at a lower 

 
17  See Review of the ERCOT Scarcity Pricing Mechanism, Project No. 51871, (Jun. 24, 2021), when the 

Commission directed the elimination of the provision that tied the value of the LCAP to the natural gas price 

index and replaced it with a provision that ensures resource entities are able to recover their actual marginal 

costs when the LCAP is in effect; and Review of 25.505, Project No. 52631, (Dec. 2, 2021), which set the 

high system-wide offer cap at $5,000 per MWh effective January 1, 2022. 

18  After a series of public work sessions and review of volumes of comments filed by market participant, the 

Commission directed ERCOT to address short- and long-term electric grid reliability concerns by enacting 

major reforms (see Review of Wholesale Electric Market Design, Project No. 52373 (pending)), at the 

December 16, 2021, open meeting.    Specifically, the Commission approved the blueprint for the design of 

the wholesale electric market filed in the Project on December 6, 2021, including the ORDC changes. 
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maximum price in deeper reserve shortages.19  The effect of those changes will be examined in 

next yearôs report. 

Day-Ahead and Ancillary Services Markets 

The DAM facilitates financial transactions to purchase or sell energy for delivery the next day.  

These transactions do not result in physical obligations, rather, they allow participants to manage 

the risks related to real-time prices and market outcomes.  Day-ahead prices averaged $157 per 

MWh in 2021.  This price closely aligns with prices from the real-time market, but does not 

reflect the risk premium exhibited in other years with tight conditions, such as 2019. 

Ancillary services include operating reserves that are purchased on behalf of consumers to 

provide resources that can produce electricity quickly (or voluntarily reduce consumption) when 

needed.  Awards for these products obligate the suppliers to physical supply them in real time.  

These operating reserves help ensure that ERCOT can continue to satisfy consumersô demand 

when unexpected things happen, such as the loss of a large generator or transmission line.  Prices 

for ancillary services typically mirror the rise and fall of real-time energy prices because 

ancillary services prices include the profits a supplier forgoes by selling ancillary services rather 

than energy.  Ancillary services costs rose sharply from $1 per MWh of load in 2020 to nearly 

$30 per MWh to 2021.  This increase was due to the high ancillary services costs during Winter 

Storm Uri and the increase in procurement quantities in the latter half of 2021. 

Transmission Congestion 

Congestion arises when more power is flowing over a transmission line than it is designed to 

carry.  Power flows over the network are almost entirely the result of where power is produced 

and consumed.  When a transmission line is becoming overloaded, ERCOT will incur costs to 

shift generation to higher-cost generators in other locations to reduce the power flows over the 

transmission line.  Hence, congestion prevents load from being served with the lowest-cost 

generators.   

When transmission congestion occurs, the differences in costs of delivering electricity to 

different locations will be reflected in the energy prices at each location or ñnodeò on the 

network.  These differences in nodal prices provide efficient economic signals for generators and 

consumers to produce and consume electricity at different locations.   

The congestion costs collected by ERCOT are based on these differences in locational prices; 

these costs equal the difference between the payments by loads at their locations and the 

 
19

  Subsequently, the Commission de-coupled VOLL from the system-wide offer cap in Project No. 53191, 

although the VOLL remains at $5,000 per MWh for the time being. 
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payments to generators at their locations.  These costs accrue to those that hold the rights to the 

transmission system known as Congestion Revenue Rights (CRRs), which are discussed below.   

Real-Time Congestion Costs.  To show the trends and fluctuations in congestion costs, the figure 

below shows real-time congestion costs by month and region for 2021 and a comparison with the 

annual costs in 2019 and 2020.  The congestion costs in ERCOTôs real-time market in 2021 were 

$2.1 billion, up 46% from 2020.  This increase is largely attributable to high levels of congestion 

during Winter Storm Uri which accounted for almost one third of all of the congestion costs in 

2021.  Higher natural gas prices and generic transmission constraints (GTCs) also contributed to 

the increase.  Congestion costs are correlated with natural gas prices because higher gas prices 

tend to increase the costs of the generators that are moved to manage transmission congestion 

and serve customers in congested areas.   

The figure below shows that the South zone experienced the highest congestion costs in 2021, 

which is a departure from prior years.  This is primarily attributable to congestion experienced in 

February during to Winter Storm Uri when roughly 70% of the congestion occurred in the South 

zone.  The West zone exhibited the second highest congestion as result of high renewable output 

that is limited by GTCs. 

Real-Time Transmission Congestion Costs in 2021  
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Day-Ahead Congestion Costs.  Participantsô expectation of this real-time congestion is also 

reflected in ERCOTôs DAM prices and outcomes.  The transmission congestion priced in the 

DAM totaled $1.4 billion.  Although this is 5% higher than 2020, it is significantly lower than 

the real-time congestion costs.  This indicates that some of the congestion was not well predicted 

by the DAM, which was particular true of the volatile congestion that occurred during Winter 

Storm Uri.   

Congestion Revenue Rights.  Participants can hedge congestion costs in the DAM by purchasing 

Congestion Revenue Rights (CRRs).  CRRs are economic property rights that entitle the holder 

to the day-ahead congestion revenues between two locations on the network.  They are auctioned 

by ERCOT in monthly and time-of-use blocks as much as three years in advance.  The revenues 

collected through the CRR auction are given to load-serving entities to reduce the costs of paying 

for the transmission system.  CRR auction revenues have risen steadily as transmission 

congestion has grown, totaling $832 milli on in 2021.   

CRR auction revenues were less than the total congestion costs in 2021 mainly because the 

auction prices were less the CRRs were ultimately worth.  This indicates that not all of the 

congestion was foreseen by the market.  Much of this unexpected congestion occurred during the 

highly unusual conditions in February 2021.  Other factors that contribute to the lower CRR 

auction revenues include the fact that 10% of the network capability is not sold in the auctions. 

Generic Transmission Constraints.  Finally, ERCOT operators increasingly need to use GTCs to 

limit the flow of electricity over certain portions of the transmission network.  This has been 

necessary to address concerns regarding the stability of the transmission system in those areas.  

These concerns have arisen in large part due to the increased output from inverter-based 

generation resources such as wind, solar, and batteries that do not provide the same voltage 

support to the system as conventional resources.  Ultimately, these GTCs increase transmission 

congestion and increase the total costs of serving customers in ERCOT by preventing low-cost 

power to be exported from these resources. 

Market Improvements Underway 

Real-Time Co-Optimization.  The most important improvement to the ERCOT markets over the 

long term will be the implementation of changes to the real-time market to allow it to jointly 

optimize the scheduling of resources to provide energy and ancillary services in each dispatch 

interval (also termed real-time co-optimization or ñRTCò).  This Commission-approved project 

was delayed in 2021 and is now on hold until at least mid-2023 due to resource constraints 

caused by the market reform efforts described below.20  Implementation of RTC will 

significantly improve the real-time coordination of ERCOTôs generation and load resources, 

 
20

  ERCOT RTC Update to TAC, January 31, 2022. 
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reduce overall production costs, and improve shortage pricing.  These improvements will be key 

to helping efficiently transition to a future with a different resource mix as additional wind, solar, 

and storage resources enter the ERCOT market.  We encourage continued focus on this 

important market improvement.   

Market Reforms After Winter Storm Uri.  The results of Winter Storm Uri raised significant 

concerns among policymakers in Texas and initiated a process to consider reforms to address the 

concerns.  After a series of public work sessions and volumes of comments filed by market 

participants, the Commission directed major reforms to the ERCOT wholesale electricity market 

in PUC Project No. 52373, Review of Wholesale Electric Market Design at the December 16, 

2021, open meeting.21  Specifically, the Commission approved the blueprint for revisions to the 

design of the wholesale electric market filed in the Project on December 6, 2021.   

The blueprint compiles directives and concepts designed to reform the ERCOT wholesale 

electricity market presented in two phases.  Phase I of the blueprint is described as providing 

enhancements to current wholesale market mechanisms to enhance ancillary services and 

improve price signals and operational reliability.  Phase II of the blueprint incorporates longer-

term market design and structure reforms.  

Recommendations 

We have identified opportunities for improvement in the current ERCOT market and make a 

total of nine recommendations below.  Four are new items to address inefficiencies or improve 

incentives affecting market performance and the remaining recommendations were initially 

raised in prior years. It is not unexpected that recommendations carry over from prior years since 

many of them require software changes that can take years to implement or require updates to the 

Commissionôs Substantive Rules.  We are also retiring two recommendations from last year.  

Readers can find those and the status of each recommendation in the Appendix.   

We continue to advocate implementation of RTC as a top priority, because it improves both 

reliability and efficiency. It will result in lower overall costs of satisfying the systemôs energy 

and ancillary service needs, will more effectively manage congestion, result in fewer RUCs and 

out-of-market actions, and reduce shortages in operating reserves.   

The table below shows the recommendations organized by category. They are numbered to 

indicate the year in which they were introduced and the recommendation number in that year. 

 
21

  See Review of Wholesale Electric Market Design; Approval of Blueprint for Wholesale Electric Market 

Design and Directives to ERCOT, Project No. 52373, (pending). 
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SOM Number Brief Description  

New Recommendations to Improve Market Performance 

2021-1 Eliminate the ñsmall fishò rule 

2021-2 Implement an uncertainty product 

2021-3  Reevaluate net metering at certain sites 

Additional Recommended Market Improvements from Prior Years 

2020-3 Implement smaller load zones that recognize key transmission constraints 

2020-4 Implement a Point-to-Point Obligation bid fee 

2019-1 Exclude fixed costs from the mitigated offer caps 

2019-2 Price ancillary services based on the shadow price of procuring each service 

2015-1 Modify the allocation of transmission costs by transitioning away from the 4 

Coincident Peak (CP) method. 

 

New Recommendations to Improve Market Performance 

2021-1 ï Eliminate the ñsmall fishò rule 

Under the so-called ñsmall fishò rule, generators with less than 5% of the capacity installed in 

ERCOT are deemed not to have ñERCOT-wide market power.ò22  The history behind this rule 

shows that it originated in a market design where high offers (offers significantly above the 

marginal cost of production) were required to produce high prices in shortage conditions.  Since 

the introduction of the nodal market, with the Power Balance Penalty Curve and the Operating 

Reserve Demand Curve, economic withholding by small participants is not required for efficient 

shortage pricing.  In fact, it has led to inefficient pricing in some cases.   

As an example from 2021, a particular thermal generation resource frequently submitted classic 

ñhockey-stickò offers into real-time, where a small portion of the top of the offer was 

economically withheld at high prices that are not reflective of that resourceôs short-run marginal 

costs.  Protected from market power abuse concerns by the small-fish market power rule, this 

resource nonetheless was occasionally pivotal and set the real-time price higher than $250 per 

MWh in 333 SCED intervals (approximately 28 hours) in 2021.  Withholding should not be 

allowed by pivotal suppliers.  Small entities can be pivotal when conditions are tight market-

wide or when the entity is located in a constrained area where supply is tight.  This is particularly 

 
22

  See 16 TAC § 25.504(c). 



Executive Summary 

xviii  | 2021 State of the Market Report   

 

/ 

/ 

important during ramp-constrained intervals in absence of RTC.  In these intervals, the marketôs 

ability to access competing resources can be extremely limited.  Therefore, the IMM 

recommends removing this market power presumption.   

2021-2 ï Implement an uncertainty product  

ERCOT regularly commits resources outside of the market through the RUC process to ensure 

sufficient generation will be available to satisfy ERCOTôs stated reliability margin of 6,500 MW 

of reserves plus an additional 1,000 MW of non-spinning reserve in uncertain hours.  In addition, 

ERCOT has sought and obtained a change to the non-spinning reserve requirements to 

essentially make it a four-hour product (primarily impacting ESRs).23  If these requirements were 

reflected in a targeted market product, prices would more efficiently reflect these requirements.  

Additionally, the market would schedule resources to satisfy these requirements, reducing the 

need for out-of-market actions by ERCOTôs operators and the associated uplift costs that must be 

borne by Texas consumers. 

As the levels of renewable generation increase and ERCOTôs conservative operations continue, 

these operational needs and out-of-market costs are likely to rise substantially.  Hence, we 

recommend that ERCOT develop a DAM capacity product to account for increasing uncertainty 

associated with intermittent generation output, load, and other factors.  This would be a two- to 

four-hour ancillary service that could be deployed when uncertainty results in tight real-time 

conditions.  Such a product should be co-optimized with the current energy and ancillary 

services products and could be deployed to bring online longer lead-time units when ERCOT 

detects operating conditions are departing from expected conditions.  

The figure below shows the net capacity changes (load minus supply) that ERCOT faces on 

average and in the worst hours, both in the two-hour ahead and four-hour ahead timeframe.  This 

is intended to be illustrative and we have removed the highly unusual period during Winter 

Storm Uri.  This figure shows that the worst hours, the net capacity change from two to four 

hours ahead to the operating timeframe can be substantial.   

The markets should recognize and address this uncertainty, which can be accomplished by 

implementing a well-defined product that ERCOT can deploy to meet these needs.  This product 

would: 1) be less costly than holding excessive amounts of 30-minute reserves; 2) allow co-

optimized product prices to more fully reflect the value of managing uncertainty; and 3) reduce 

out-of-market actions and the costs associated with those actions.  In the longer term, once an 

uncertainty product is implemented, ERCOT can return non-spinning reserve and ECRS to their 

previous duration requirements. 

 

 
23

  See NPRR1096, Require Sustained Two-Hour Capability for ECRS and Four-Hour Capability for Non-Spin.  
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Net Real-Time Capacity Changes 

 

 

2021-3 ï Reevaluate net metering at certain sites 

The IMM agrees with the decision to implement nodal pricing for Controllable Load Resources 

(CLRs).  However, we note that there has been a proliferation of proposed net metering schemes 

since adoption of NPRR945, Net Metering Requirements, that distorts the incentives provided by 

this directive.  Loads that can be turned on and off quickly, such as data centers and cryptomines, 

should be incented to be dispatchable in real time through CLR participation rather reducing 

their consumption to avoid transmission cost allocation and other load charges.  Net metering 

schemes should, at a minimum, only be allowed with affiliated entities.  This would help support 

price formation and provide better congestion management.  

Therefore, the IMM recommends requiring CLRs to have their own meters, rather than allowing 

net metering schemes amongst unaffiliated entities with meters at the point of interconnection. 

  



Executive Summary 

xx | 2021 State of the Market Report   

 

/ 

/ 

Additional Recommended Market Improvements from Prior Years  

2020-3 ï Implement smaller load zones that recognize key transmission constraints  

The four competitive load zones contain a large amount of load, particularly the North and South 

zones, relative to when they were defined in 2003.  This zonal configuration has not changed 

even through many years of load growth and changing congestion patterns.  The highly 

aggregated load zones distort the incentives of both price-responsive demand and active demand 

response to manage congestion.  This is particularly noticeable in the South load zone where 

there is significant congestion inside the zone, not just between it and other zones.  Incenting 

demand to respond to the load zone price often makes the local congestion worse. 

As active demand response grows in the future (i.e., loads that can be controlled by the real-time 

market), transitioning to nodal pricing for those active loads will  become increasingly beneficial 

for ERCOT and the market participants.24  Beyond the active demand response, longer-term 

demand decisions may be influenced by the zonal prices.  Such decisions may either relieve or 

aggravate congestion patterns, but are unfortunately not informed by the nodal prices. 

Therefore, the IMM recommends that the load zone boundaries be re-evaluated and re-

determined in future years (after the required four-year waiting period), based on prevailing 

congestion patterns.  In particular, the new zones should minimize intra-zonal congestion. 

 

2020-4 ï Implement a Point-to-Point Obligation bid fee 

Over the last few years, there have been numerous delays in running and posting the results of 

the DAM.  These delays are disruptive to the market and create unnecessary risk for market 

participants.  ERCOT analysis of the cause points to a significant increase in bids for point-to-

point (PTP) obligations, a financial transaction cleared in the DAM used to manage congestion 

cost risk.25  This is not a surprise because substantial increases in PTP transactions significantly 

increase the complexity of the optimization and the time required for the market software to find 

a solution.   

Charging no fee for PTP bids, as ERCOT currently does, allows participants to submit numerous 

bids that are unlikely to clear and provide very little value to the market.  Applying a small bid 

fee to the PTP bids is consistent with cost causation principles and would incentivize participants 

to submit fewer bids that are more valuable and more likely clear.  Because even a small fee 

would likely reduce or eliminate the bids that are very unlikely to clear, this should substantially 

eliminate the delays in the DAM process.  Hence, the IMM recommends that a small bid fee be 

applied to DAM PTP Obligation bids to more efficiently allocate DAM software resources. 

 
24  Nodal pricing for controllable load resources is a part of the Commissionôs 2021 market design blueprint. 
25  ERCOTôs regression analysis can be found at http://www.ercot.com/calendar/2021/1/25/221086-WMWG.  

http://www.ercot.com/calendar/2021/1/25/221086-WMWG


 Executive Summary 

    2021 State of the Market Report | xxi 

   

/ 

/ 

2019-1 ï Exclude fixed costs from the mitigated offer caps 

In competitive markets, suppliers offer their resources at prices equal to their marginal costs (i.e., 

the incremental costs incurred to produce additional output).  Offering at prices higher than this 

level can only reduce a supplierôs profits in a competitive market because the supplier will be 

displaced by lower-cost resources. However, this is not true when a supplier has market power 

and an increase in its offer price will raise the market prices and its profits.   

To effectively mitigate market power, replacement real-time energy offers used by ERCOT 

(such as mitigated offers) should only include short-run marginal costs.  Currently, the mitigated 

offer cap includes a multiplier that increases the offer price as the unit runs more.  The operations 

and maintenance portion of verifiable costs already accounts for costs that increase as a unit runs 

more so the multiplier is not reasonable.  The exceptional fuel costs calculation during mitigation 

also contains a multiplier that does not correspond to a resourceôs marginal costs when these 

multipliers are included.  Allowing generators with market power to raise prices is an 

economically inefficient means to achieve fixed cost recovery, so the IMM recommends that 

these two multipliers be removed to ensure that mitigated offer caps are set at competitive levels.  

This will help ensure that the market outcomes in ERCOT are competitive, while allowing these 

resources to recover fixed costs in the same manner as all other resources. 

2019-2 ï Price ancillary services based on the shadow price of procuring each service.  

Clearing prices should reflect the constraints that are used by ERCOT to purchase ancillary 

services.  However, this is not currently the case with certain ancillary services.  ERCOTôs 

procurement requirements for Responsive Reserve Service effectively limit the amount of under-

frequency relay response that can be purchased from non-controllable load resources.  Because 

these limi ts are not factored into the clearing prices, there is usually a surplus of relay response 

offered into the market.  However, the surplus does not drive clearing prices down as one would 

expect in a well-functioning market.  Each year the surplus grows, which is an indicator of the 

inefficient pricing in this market. 

In addition, ERCOT will begin allowing non-controllable loads to participate in non-spinning 

reserve in 2022 but will limit their total participation.  A new ancillary service, ERCOT 

Contingency Reserve Service (ECRS), will be implemented before 2025 and will also contain a 

constraint on certain resources.  However, each of these services will have a single clearing price 

for both the limited and unlimited providers.  Failure to include these constraints in the pricing of 

those products will require that inefficient market rules and restrictions be imposed.  Such 

measures are not necessary when market participantsô incentives are determined by efficient 

pricing.  Therefore, the IMM recommends that the clearing price of ancillary services, both 

current and future, be based on all the constraints used to procure the services.  
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2015-1 ï Modify the allocation of transmission costs by transitioning away from the Four 

Coincident Peak (4CP) method. 

The current method of allocating transmission costs, the 4CP method, does not apply 

transmission costs equitably to all loads.  Additionally, it does not forestall the need to invest in 

new transmission as intended when this method was implemented.  Currently, transmission costs 

are allocated based on an entityôs maximum 15-minute demand in each month of June through 

September.26  This method was approved in 1996 and was intended to allocate transmission costs 

to the drivers of transmission build.   

However, customer demand during the peak summer hours is no longer the main driver of 

transmission build in ERCOT today.  Decisions to build transmission are based on transmission 

congestion patterns throughout the year and an analysis of whether generation can be delivered 

to serve customers reliably.  Additionally, the method of allocating these costs provides a cost-

avoidance signal to non-opt-in entities and transmission-level customers, both of which can 

artificially reduce their total customer demand in anticipation of a peak demand day to avoid 

transmission charges.  Hence, the IMM continues to recommend that transmission cost 

allocation be changed to better reflect the true drivers for new transmission.   

 
26  16 Tex. Admin. Code §25.192. Transmission Service Rates; 

http://www.puc.texas.gov/agency/rulesnlaws/subrules/electric/25.192/25.192.pdf 

http://www.puc.texas.gov/agency/rulesnlaws/subrules/electric/25.192/25.192.pdf
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 FUTURE NEEDS OF THE ERCOT MARKET  

The ERCOT market is currently experiencing major changes and evolving needs, which are 

driven by two primary factors.  First, the generation mix is changing rapidly as the entry of wind, 

solar, energy storage, and distributed generation fleet accelerates.  These new generation 

technologies have significantly different operational characteristics than conventional generation.  

Changes to the market are necessary to integrate them reliably and efficiently into the system.   

Second, ERCOT has adopted a very conservative operating posture since July 2021.  The 

conservative operating posture requires more operational reserves to be online in real-time.  In 

addition to being very costly, this posture can at times suppress real-time prices and exacerbate 

the ñmissing moneyò problem27 that can sometimes be faced by generators in an energy-only 

market.   

This section discusses the evolving needs of the future ERCOT market stemming from these two 

factors.  The current ERCOT market design requires the following changes, at a minimum, in 

order to accommodate the changes described above:  

¶ Implement RTC as soon as possible; 

¶ Model state of charge (SOC) for ESRs; 

¶ Introduce an uncertainty ancillary service product to increase the flexibility of the system 

instead of trying to adapt current ancillary service products to requirements they are not 

well suited for (see SOM recommendation 2021-2 above);  

¶ Address cost allocation issues, particularly transmission cost allocation (see SOM 

recommendation 2015-1 above); and 

¶ Develop a market construct to address the missing money that cannot be provided by an 

energy-only market in which shortage conditions are not permissible. 

A. ERCOTôs Future Supply Portfolio 

The ERCOT marketôs supply portfolio has changed considerably over the last twenty years and 

the current interconnection queue suggests that it will continue to change.  Over the past two 

decades, a significant fraction ERCOTôs natural gas steam and coal generation retired, a large 

amount of combined cycle capacity was built, and the penetration of wind resources steadily 

increased.  More recently, solar, battery energy storage, and distributed generation have been 

interconnecting at a rapid pace.  We discuss the challenges related to these new classes of 

resources in the subsections below. 

 
27  This refers to the idea that prices for energy in electricity markets may not fully reflect the value of 

investment in the resources needed to meet consumersô demand for reliable electric service. 
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Renewable Resources 

Over the last five years: 15 GW of wind, 10 GW of solar, 1.5 GW of energy storage, and 1.5 GW 

of gas-fired capacity was installed,28 while 5.6 GW of coal and 0.9 GW of gas steam capacity 

retired.29  Looking forward, ERCOTôs current interconnection queue is comprised of more than 

1,000 active projects totaling over 200 GW,30 and most of this capacity is wind, solar, and 

storage.  Not all of these projects will be built, but of the 31 GW of projects with a completed 

interconnection study and interconnection agreement, 18 GW are solar, 8 GW are wind, 4 GW 

are energy storage, and only 1.5 GW are natural gas-fired resources.  The increase in intermittent 

wind and solar generation will raise new operational demands that are discussed below.     

Increasing Ramp Demands.  One of the new demands is a much steeper and more uncertain net 

load ramp.  Net load is defined as the system load minus the output of intermittent renewable 

resources that must be served by dispatchable resources.  The prediction of the future shape of 

this curve once a large quantity of solar has entered has been referred to as the ñduck curveò or, 

in Texas, the ñdead armadillo curve.ò  This curve indicates that conventional resources will have 

to ramp rapidly each evening as the sun goes down and the solar resourcesô output falls sharply.  

Similarly, shifting weather patterns can cause wind output to fall rapidly and the timing of these 

decreases can be difficult to predict.   

This will require ERCOTôs operators to utilize flexible dispatchable resources to accommodate 

these sharp and uncertain ramp demands.  In addition to existing and new flexible natural gas 

resources, ERCOT will likely need to rely more heavily on: 

¶ Demand-side resources can respond to higher prices during the ramp by reducing their 

consumption if the value of the energy exceeds their value of consuming it; and 

¶ Energy storage has the capability to produce energy very quickly when deployed, as well 

as storing energy when intermittent output is high.   

The evolution of the market design will also improve ERCOTôs ability to meet these new 

operational challenges.  For example, a multi-interval real-time market (MIRTM) will be 

increasingly valuable.  It allows the market software to anticipate and address ramping needs in 

future intervals by pre-positioning the system for those needs.  ERCOT and stakeholders 

evaluated a MIRTM in 2016, finding that the benefits of a MIRTM were insufficient to justify its 

implementation costs at the time of the study, but noting that ñ[c]hanges in the future resource 

mix, the balance of supply and demand or system conditions could demonstrate more significant 

 
28  https://www.ercot.com/files/docs/2022/03/07/Capacity_Changes_by_Fuel_Type_Charts_February_2022.xlsx 

29  https://www.ercot.com/files/docs/2021/12/29/CapacityDemandandReservesReport_December2021.xlsx 

30  ERCOT Generation Interconnection Study Report, February 2022.  

https://www.ercot.com/misdownload/servlets/mirDownload?mimic_duns=000000000&doclookupId=825830

714 

https://www.ercot.com/files/docs/2022/03/07/Capacity_Changes_by_Fuel_Type_Charts_February_2022.xlsx
https://www.ercot.com/files/docs/2021/12/29/CapacityDemandandReservesReport_December2021.xlsx
https://www.ercot.com/misdownload/servlets/mirDownload?mimic_duns=000000000&doclookupId=825830714
https://www.ercot.com/misdownload/servlets/mirDownload?mimic_duns=000000000&doclookupId=825830714
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value to MIRTM.ò31  As the penetration of intermittent resources increases, the operational 

benefits of a MIRTM will  increase because it will improve the utilization of the dispatchable 

fleet to manage the net load ramps.    

Increasing Supply Uncertainty.  As noted above, the growth in intermittent resources and 

distributed generation will increase supply uncertainty.  As shown in Figure 1 below, thermal 

generation trips, load forecast errors, and wind and solar forecast errors all contribute to the net 

uncertainty faced by the market operator.  The growth in wind and solar, coupled with increasing 

amounts of distributed generation that is not dispatched by ERCOT, will significantly increase 

the uncertainty that ERCOT faces.  This uncertainty significantly affects both ERCOTôs 

planning and operations. 

Figure 1:  Net Real-Time Capacity Changes 

 

In real-time operations, RTOs manage this uncertainty by committing additional resources 

outside of the market to have sufficient dispatch flexibility to manage this uncertainty.  To allow 

the markets manage and price this uncertainty, we recommend that ERCOT create a two- to four- 

hour uncertainty product.  This product was previously discussed in SOM recommendation 

2021-2 as well as in PUC Project No. 52373, Review of Wholesale Electric Market Design.32  

 
31

  https://interchange.puc.texas.gov/Documents/41837_9_935430.PDF  

32
  Review of Wholesale Electric Market Design, Project No. 52373, IMM Proposals at 6-7 (Oct. 15, 2021) 

https://interchange.puc.texas.gov/Documents/41837_9_935430.PDF
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Although the figure is illustrative and not intended indicate the size of the service, it shows that 

ERCOT faces substantial uncertainty from multiple sources in the two to four-hour ahead 

timeframe.  The recommended product would procure and price resources that ERCOT can 

utilize when the uncertainty results in tight supply-demand conditions or high ramp demands. 

Increasing Generic Transmission Constraints.  Another challenge brought about by the increase 

in inverter-based generation (including wind, solar, and energy storage) is the increased 

prevalence of GTCs.  The flows over most transmission facilities are limited by thermal 

limitations because increased flows increase the temperature of the facilities.  GTCs are not 

typical thermals constraints and are used to limit overall flows over a path to maintain the 

stability of the system.  They are harder to manage than thermal constraints and are sometimes 

not well known prior to committing a resource.   

GTCs have increased significantly over the last few years with the expansion of inverter-based 

generation, with congestion on these constraints growing from $190 million in real-time 

congestion in 2020 to $400 million in 2021.  NPRR1070, Planning Criteria for GTC Exit 

Solutions, is currently pending, and the Commission rulemaking to implement SB1281 has 

recently been opened to improve economic transmission planning criteria.33  These two items 

should help develop solutions to the proliferation of GTCs. 

System Inertia.  A final challenge associated with the proliferation of inverter-based generation is 

that of maintaining sufficient system inertia.  System inertia needed to maintain frequency within 

acceptable bounds when large generators, loads, or large DC ties trip offline.  Inertia is provided 

by online generators that are synchronously connected to the grid, which is not generally true of 

inverter-based resources.  Alternatively, with very fast control systems, ñsyntheticò inertia is 

possible from inverter-based resources or even loads.  ERCOT has studied inertia previously and 

has procedures in place to ensure sufficient inertia is maintained.34  However, inertia should fall 

as a larger share of the load is served by wind, solar, and ESRs.  It may be beneficial in the future 

to supplement the markets to compensate resources for providing inertia as ERCOT has 

previously discussed.35 

Energy Storage 

It is important for ERCOT to improve upon its current modeling of ESRs to enable these 

resources to offer their full value to grid reliability and the market.  In the current ñdual modelò 

or ñcombo modelò, the load and generation sides of an ESR are modeled as separate, 

independent devices.  The dual model fits within ERCOTôs existing software capabilities, but 

 
33

  Review of Chapter 25.101, Project No. 53403 (Mar. 19, 2022). 

34  https://www.ercot.com/calendar/event?id=1520373953460  

35  http://www.ercot.com/content/wcm/key_documents_lists/55752/Proposal_for_Synchronous_Inertial_ 

Response_Service_Market_March112015.docx  

https://www.ercot.com/calendar/event?id=1520373953460
http://www.ercot.com/content/wcm/key_documents_lists/55752/Proposal_for_Synchronous_Inertial_%20Response_Service_Market_March112015.docx
http://www.ercot.com/content/wcm/key_documents_lists/55752/Proposal_for_Synchronous_Inertial_%20Response_Service_Market_March112015.docx
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has significant modeling limitations, including the inability to model the state of charge (SOC) of 

the ESR.  ERCOT has made substantial progress towards modeling ESRs as a single device with 

the approval of NPRRs:  989 - BESTF-1 Energy Storage Resource Technical Requirements, 

1002 - BESTF-5 Energy Storage Resource Single Model Registration and Charging Restrictions 

in Emergency Conditions, and 1026 - BESTF-7 Self-Limiting Facilities. Unfortunately, 

implementation of these changes is currently on hold due to constraints on implementation 

resources.  However, even with these improvements, additional enhancements are needed to 

fully model ESRsô unique characteristics, including most importantly implementing modeling of 

the SOC of ESRs.   

Modeling the SOC in the DAM and RUC processes or real-time market will become critical as 

ESRs become a substantial fraction of the fleet.  Modeling the SOC of ESRs, in conjunction with 

RTC, is necessary to allow ESRs to provide their full value to grid reliability, flexibility, and 

economics. 

Distributed Resources 

ERCOT is also currently addressing issues related to distributed resources.  There are currently 

over 1,300 MW of unregistered DGRs in ERCOT, and an unknown number of potential but 

unregistered controllable load resources.36  These amounts are increasing yearly.  ERCOT is 

actively grappling with visibility and uncertainty around these resources.  They are generally 

located on the distribution system, and therefore present challenges associated with modeling 

their location, behavior, and market participation.  The challenges presented by distributed 

resources include: 

¶ Operational visibility: The location and output of distributed resources may not be certain 

in the real-time market, leading to potential challenges managing network congestion and 

balancing the system. 

¶ Operational control: Most DGRs are not dispatchable by ERCOT on a five-minute basis.  

¶ Economic incentives: To the extent that distributed resources are affected by retail 

programs or rates, wholesale market rules and settlements may result in inefficient 

incentives to operate the resources or inefficient co-location schemes.  This is particularly 

true regarding costs distributed on a load-ratio share basis, such as ancillary service and 

transmission cost allocations. 

We encourage ERCOT to develop market rules and operating procedures that address these 

challenges.  The most immediate concern in this are relates to behind the meter demand response 

resources.  Loads that can be turned on and off quickly, such as data centers and crypto-currency 

mines, are increasingly locating in Texas.  These types of loads should be incentivized to register 

 
36  Unregistered DG Installed Capacity Quarterly Report at https://www.ercot.com/services/rq/re/dgresource.  

https://www.ercot.com/services/rq/re/dgresource
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with ERCOT and be dispatchable in real-time rather than simply providing passive demand 

response in order to avoid transmission cost allocation and other load charges.  As discussed 

above in SOM recommendation 2015-1, the transmission cost allocation method currently used 

provides incentives for these large loads to behave in ways that do not necessarily forestall the 

construction of new transmission equipment and that do not apply costs equitably.  In SOM 

recommendation 2021-3 above, we recommend requiring controllable load resources to have 

their own meters, rather than allowing net metering schemes amongst unaffiliated entities with 

meters at the point of interconnection. 

B. ERCOTôs New Operational Posture 

After the events of Winter Storm Uri, the Texas Legislature, the Commission, and stakeholders 

have been engaged in a process of evaluating changes to the ERCOT market design.  High load 

and high levels of thermal generation outages for the period of June 13-15, 2021, caused ERCOT 

to issue a public conservation appeal on June 14.37  Previous conservation appeals were 

considered routine; however, this conservation appeal raised public concern regarding the state 

of ERCOT grid.  This led ERCOT to decide to adopt a more conservative operating posture by 

requiring additional operating reserves to be available in real-time.38  Since July 2021, ERCOT 

has:  

¶ Increased non-spinning reserve requirements such that that the total of upward-moving 

ancillary services, excluding those provided by loads on high-set under-frequency relays, 

equals 6,500 MW on a typical day and a 7,500 MW on days ERCOT deems to have high 

load uncertainty, such as those with rapidly changing weather events; 

¶ Used RUC more routinely to ensure that there is 6,500 MW (or 7,500 MW) of 

dispatchable reserves in real-time.  ERCOT previously targeted lower reserve levels in 

the range of 3,600-5,700 MW;  

¶ Issued RUC instructions earlier in the operating day, committing more longer-lead time 

resources as well as relying less on market participant response; and 

¶ Adjusted selection of forecast to more frequently rely on the highest load forecast and the 

lowest wind and solar forecasts. 

The results of the changes, in combination with the 2022 ORDC adjustment,39 are that the 

pricing outcomes have grown disconnected from the actual operational conditions.  This is 

discussed in more detail in the RUC section of this report.  This is problematic because the 

 
37  https://www.ercot.com/news/release?id=9740321a-f509-31ab-8d0a-2a8421292239 

38  https://www.ercot.com/files/docs/2021/06/30/ERCOT_Addtional_Operational_Reserves_06302021.pptx 

39  Effective January 1, 2022, the Minimum Contingency Level (MCL) was set at 3,000 MW and the high 

system-wide offer cap (HCAP) and value of lost load (VOLL) were set to $5,000 per MWh. 

https://www.ercot.com/news/release?id=9740321a-f509-31ab-8d0a-2a8421292239
https://www.ercot.com/files/docs/2021/06/30/ERCOT_Addtional_Operational_Reserves_06302021.pptx
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energy-only market design relies on efficient pricing that reflects the reliability needs of the 

system.  In addition, this can increase risk for market participant if ERCOT over-commits the 

system and renders generation ownerôs decisions uneconomic.  

Procuring additional non-spinning reserve also increases the costs paid by load.  Although this 

additional procurement may increase reliability in some hours, the potential reliability benefits 

are difficult to justify based on the costs, particularly since the additional procurement is applied 

to all hours regardless of reliability need.  As illustrated in Figure 2 below, we estimate that the 

combined cost increase of the higher procurement is in the range of $300-400 million for the 

period of July 12 to December 31, 2021.40  This is based on our analysis of the effect of the 

increased procurement on non-spinning reserve prices and quantities, as well as the secondary 

effects on other ancillary service prices. 

Figure 2:  Non-Spin Cost Impact in 2021 

 

While we continue to believe that an energy-only market can be successful and adapt to 

changing system needs, it is not compatible with ERCOTôs current conservative operational 

posture.  The distortion in the marketôs economic signals will diminish generatorsô expected 

revenues, which ultimately will threaten ERCOTôs resource adequacy.   

 
40

  Due to the infeasibility of rerunning the DAM cases to determine price adjustments, our analysis estimates 

this cost based on historical pricing and modeling the range of impacts of the changes. 
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To address these concerns, we recommend the following: 

¶ Develop the uncertainty produced described earlier in the section that will allow the 

markets to reflect ERCOTôs operating posture. 

¶ Consider adopting a form of capacity procurement that augments the economic signals 

provided by the energy-only market and ensures the adequacy of ERCOTôs resources 

over the long term. 

ERCOT should avoid a piecemeal approach that provides targeted payments to narrowly defined 

categories of resources when implementing any form of capacity procurement.  A key 

component to any capacity proposal is defining a reliability standard.  These discussions are 

currently underway at the Commission as part of its Phase II market design and structure reforms 

approach. 
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 REVIEW  OF REAL -TIME MARKET OUTCOMES 

The performance of the real-time market in ERCOT is essential because that market: 

¶ Coordinates the dispatch of generating resources to serve ERCOT loads and manage 

flows over the transmission network; and 

¶ Establishes real-time prices that efficiently reflect the marginal value of energy and 

ancillary services throughout ERCOT. 

The first function of the real-time market ensures reliability in ERCOT with the simultaneous 

objective of minimizing the systemôs production costs.  The second function is equally important 

because real-time prices provide key short-term incentives to commit resources and follow 

ERCOTôs dispatch instructions, as well as long-term incentives that govern participantsô 

investment and retirement decisions. 

Real-time prices have implications far beyond the settlements in the real-time market.  Only a 

small share of the power produced in ERCOT is transacted in the real-time market.  However, 

real-time energy prices set the expectations for prices in the DAM and bilateral forward markets 

and are, therefore, the principal driver of prices in these markets where most transactions occur.  

Because of the interaction between real-time and all forward prices, the importance of real-time 

prices to overall market performance is much greater than might be inferred from the proportion 

of energy actually paying real-time prices.  This section evaluates and summarizes electricity 

prices in the real-time market during 2021. 

A. Real-Time Market Prices 

The first analysis of the real-time market evaluates the total cost of supplying energy to serve 

load in the ERCOT wholesale market.  In addition to the costs of energy, loads incur costs 

associated with ancillary services and a variety of non-market-based expenses referred to as 

ñuplift.ò  Figure 3 shows the average ñall-inò price of electricity for ERCOT that includes all 

these costs and is a measure of the total cost of serving load in ERCOT on a per MWh basis.  

The all-in price metric includes the load-weighted average of the real-time market prices from all 

zones, as well as ancillary services costs and uplift costs divided by real-time load to show costs 

on a per MWh of load basis.41   

ERCOT real-time prices currently include the effects of two energy price adders that are 

designed to improve real-time energy pricing when conditions warrant or when ERCOT takes 

 
41

  For this analysis ñupliftò includes: Reliability Deployment Adder Imbalance Settlement, Operating Reserve 

Demand Curve (ORDC) Adder Imbalance Settlement, Revenue Neutrality Total, Emergency Energy 

Charges, Base Point Deviation Payments, Emergency Response Service (ERS) Settlement, Black Start 

Service Settlement, and the ERCOT System Administrative Fee.  
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out-of-market actions for reliability.  Although published energy prices include the effects of 

both adders, here we show the ORDC adder (operating reserve adder) and the Reliability 

Deployment Price Adder (reliability adder) separately from the base energy price.  The operating 

reserve adder was implemented in mid-2014 to account for the value of reserves based on the 

probability of reserves falling below the MCL and VOLL.  Taken together, an estimate of the 

economic value of increasingly low reserves in each interval in real-time can be included in 

prices.  The reliability adder was implemented in June 2015 as a mechanism to ensure that 

certain reliability deployments do not distort the energy prices.42    

In Figure 3 and Figure 4 below, the effects of Winter Storm Uri on the average all-in price for 

electricity in ERCOT are examined by showing the 2021 prices with the storm and without the 

storm. 

Figure 3:  Average All-in Cost for Electricity in ERCOT  (with Uri)  

 

 
42

  The reliability adder is calculated by separately running the dispatch software with modifications to the inputs 

to reflect any RUCs, deployed load capacity, or certain other reliability actions.  When the recalculated 

system lambda (average load price) is higher than the initial system lambda, the difference is the adder. 
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Because of the overwhelming effects of Winter Storm Uri on energy prices, the largest 

component of the all-in price in 2021 was the reliability adder, unlike previous years when the 

energy cost was the largest component.  The correlation between the gas price and the energy 

price in the figure above indicates that natural gas prices were a primary driver of energy prices 

in most months, including in February during the storm.  This correlation is expected in a well-

functioning, competitive market because fuel costs represent the majority of most suppliersô 

marginal production costs.  Because suppliers in a competitive market have an incentive to offer 

supply at marginal costs and natural gas is the most widely used fuel in ERCOT, changes in 

natural gas prices typically should translate to comparable changes in offer prices.  This can be 

seen more clearly in Figure 4 below, showing the correlation between the all-in energy price and 

the natural gas price throughout the year with the severe effects of Winter Storm Uri removed 

from the analysis.   

Average real-time prices rose to $167.88 per MWh in 2021, more than 6 times higher than in 

2020, due almost entirely to the effects of Winter Storm Uri.  The last time ERCOT experienced 

shortage pricing, in August and September of 2019, its magnitude and duration were much lower 

than experienced during Winter Storm Uri.   

The extreme increase in shortage pricing was acutely reflected in the higher contributions from 

ERCOTôs energy price adders: $8.32 per MWh from the operating reserve adder and almost 

$80.00 per MWh from the reliability adder.  Both values are much higher than the 2020 values: 

$2.35 per MWh for the operating reserve adder and $0.01 per MWh for the reliability adder.  The 

adders in 2021 are discussed in greater detail in Subsection F below.      

Despite firm load shed across the system during the storm, energy prices were clearing at less 

than $9,000 per MWh, which was the system-wide offer cap at the time, pursuant to 16 TAC § 

25.505(g)(6)(B).  Energy prices dipped as low as approximately $1,200 per MWh on February 

16, 2021.  In response, the Commission directed ERCOT to account for firm load shed in EEA3, 

from the time of the Commissionôs order, in ERCOT's scarcity pricing signals.43    

Due to the exceptionally high natural gas prices, the Commission suspended use of the low 

system-wide offer cap (LCAP) during Winter Storm Uri.44  Because LCAP was calculated as "50 

times the natural gas price index value," it would likely have exceeded the high system-wide 

offer cap (HCAP) of $9,000 per MWh and $9,000 per MW per hour under 16 TAC § 

25.505(g)(6), an outcome contrary to the purpose of the rule, which was to protect consumers 

from substantially high prices in years with substantial generator revenues.  Suspension of LCAP 

 
43   See Calendar Year 2021 - Open Meeting Agenda Items without an Associated Control, Project No. 51617, 

Second Order Directing ERCOT to Take Action and Granting Exception to Commission Rules at 1 -2 (Feb. 

16, 2021).  

44  Id. at 2. 
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was terminated on March 3, 2021, once the natural gas price index had stabilized and the LCAP 

was no longer expected to exceed the HCAP, and the Commission directed ERCOT to resume 

application of the LCAP when administering the scarcity pricing mechanism as provided by 

Commission rule.45    

When the effects of Winter Storm Uri are removed from the analysis, as shown below in Figure 

4, average real-time prices rose by 58% (to $40.73 per MWh) in 2021 compared to 2020, driven 

by higher natural gas prices throughout the year.  The energy price adders in 2021 without the 

effects of Winter Storm Uri increased slightly from 2020 values ï $0.55 per MWh for the 

operating reserve adder and $0.70 per MWh for the reliability adder in 2021. 

Figure 4:  Average All-in Cost for Electricity i n ERCOT (without Uri)  

 

Other cost categories of the all-in electricity price were similarly altered by Winter Storm Uri, as 

shown in Figure 5 below.  Ancillary services costs were $29.59 per MWh of load in 2021, up 

from $1.00 per MWh in 2020, discussed in more detail in in Section IV: Day-Ahead Market 

 
45  Issues Related to the State of Disaster for the February 202 1 Winter Weather Event, Project No. 51812, 

Order Reinstating Low System-Wide Offer Cap at 1-2 (Mar. 3,2021).  
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Performance.  Uplift costs accounted for $5.34 per MWh of the all-in electricity price in 2021, 

up from $0.94 per MWh in 2020.  The total amount of uplifted costs in 2021 was approximately 

$2.1 billion, vastly higher than the $359 million in 2020.  The largest driver of this massive uplift 

value is the ancillary service imbalance settlement.  There are many other costs included as 

uplift, but the largest components are the ERCOT system administrative fee ($218 million or 

$0.55 per MWh), Emergency Response Service (ERS) program costs ($35 million or $0.09 per 

MWh) and the real-time revenue neutrality allocation (RENA), which totaled less than $1 

million or less than $0.01 per MWh in 2021.  The dramatic decrease in RENA, down from $75 

million in 2021, is attributable to high negative RENA during Winter Storm Uri. 

Figure 5:  All -in Electricity Costs in 2021 (with Uri)  

 

As show in Figure 6 below, ancillary services costs without the period of Winter Storm Uri 

would have been $6.00 per MWh in 2021, up from $1.00 per MWh in 2020.  This was still a 

large increase and was driven by high ancillary services prices that persisted for several days 

after Winter Storm Uri, and to a lesser extent the additional ancillary services quantities that 

ERCOT purchased during the second half of the year.  Uplift costs would have accounted for 

$0.91 per MWh of the all-in electricity price in 2021, about the same as in 2020 ($0.94).  The 
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total amount of uplifted costs in 2021 would have been approximately $356 million, in line with 

the $338 million in 2019 and $359 million in 2020.   

Figure 6:  All in Prices 2021 (without Uri)  

 

Real-time energy prices vary substantially by time of day.  Figure 7 shows the 2021 load-

weighted average real-time prices in ERCOT in each 5-minute interval during the summer 

months from May through September, when prices are typically the highest.  It also shows in red 

the average change in the 5-minute prices in each interval.  Average changes are mostly random 

and generally driven by changes in load or supply.  Note that prices in the peak load hours were 

actually lower in 2021 than in 2020, and higher in all other hours.  This was likely attributable to 

demand alterations in the earlier part of the year caused by the Covid-19 pandemic as well as a 

cooler summer weather and higher solar output during peak.  

For additional analysis of load-weighted average real-time prices in ERCOT for the categories of 

Peak and Off-Peak for each month in 2021, see Figure A1 in the Appendix.   
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Figure 7:  Prices by Time of Day 

May-September 2021 

 

To better observe the effect of the highest-priced hours on the average real-time energy price, 

Figure 8 shows the frequency of price spikes in the 2021 real-time energy market.  For this 

analysis, price spikes are defined as 15-minute intervals when the load-weighted average energy 

price is greater than 18 MMBtu per MWh multiplied by the prevailing natural gas price (i.e., a 

heat rate of 18).  Prices at this level typically exceed the marginal costs of virtually all on-line 

generators.  As with many market outcomes in 2021, this analysis is once again dominated by the 

events of February 2021 and Winter Storm Uri. 

Price spikes were less frequent in 2021 compared to 2020 in part due to higher gas prices and in 

part due to ERCOTôs conservative operational posture but were far more consequential on prices 

because of the larger magnitude of prices during Winter Storm Uri as well as much higher 

average gas prices (above $7.00/MMBtu) throughout the year.  With average gas prices so high 

throughout the year, energy prices have a much stronger correlation with heat rate as the other 

components of operations and maintenance costs become less impactful.  This is typical in 

energy markets.  The overall impact of price spikes in 2021 was $123.45 per MWh, or 74% of 

the total average price. 
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Figure 8:  Average Real-Time Energy Price Spikes 

 

B. Zonal Average Energy Prices in 2021 

Energy prices vary across the ERCOT market because of congestion costs that are incurred as 

power is delivered over the network.  Table 1 provides the annual load-weighted average price 

for each zone as well as the annual average natural gas price for the past seven years, plus an 

additional column containing 2021 without Winter Storm Uri (February 13-19, 2021).     

Table 1:  Average Annual Real-Time Energy Market Prices by Zone 

 

($/MWh) 2014 2015 2016 2017 2018 2019 2020 2021

2021 

w/o Uri

ERCOT $40.64 $26.77 $24.62 $28.25 $35.63 $47.06 $25.73 $167.88 $40.73

Houston $39.60 $26.91 $26.33 $31.81 $34.40 $45.45 $24.54 $129.24 $42.78

North $40.05 $26.36 $23.84 $25.67 $34.96 $46.77 $23.97 $206.39 $41.57

South $41.52 $27.18 $24.78 $29.38 $36.15 $47.44 $26.63 $187.47 $39.98

West $43.58 $26.83 $22.05 $24.52 $39.72 $50.77 $31.58 $105.27 $35.51

($/MMBtu) 

Natural Gas $4.32 $2.57 $2.45 $2.98 $3.22 $2.47 $1.99 $7.30 $3.62
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Like Figure 3, Table 1 shows the historically close correlation between the average real-time 

energy price in ERCOT and the average natural gas price, including 2021.  This relationship is 

consistent with competitive expectations in ERCOT where natural gas generators predominate 

and set prices in most hours.  The average natural gas price was higher in 2021 than it has been 

in many years, and average real-time energy prices reflect that.   For additional analysis on 

ERCOT average real-time energy prices as compared to the average natural gas prices, see 

Figure A2 in the Appendix. 

Table 1 also shows that the relative prices of the four zones was different in 2021 compared to 

previous year, again due to Winter Storm Uri.  The table contains load-weighted averages, and as 

shown in Figure 9, the North zone and South zone had higher load values than their yearly 

averages during Winter Storm Uri while the Houston and West zones had the opposite, so the 

extreme high prices during Winters Storm Uri influenced the annual averages of the North and 

South zones more than the Houston and West zones.  With the effects of Uri removed, the 

Houston zone had the highest average price, due to multiple localized real-time transmission 

constraints in the area.  For additional analysis on monthly load-weighted average prices in the 

four geographic ERCOT zones during 2021, see Figure A3 in the Appendix.     

Figure 9:  Average Load by Load Zone 
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More details about transmission constraints that influenced zonal energy prices are provided in 

Section V.  That section also discusses Congestion Revenue Right (CRR) auction revenue 

distributions, which affect the ultimate costs of serving customers in each zone.  For additional 

analysis of the effect of CRR auction revenues on the total cost to serve load borne by a QSE, see 

Figure A5 in the Appendix. 

To examine the variation more closely in zonal real-time energy prices, Figure 10 shows the top 

10% and bottom 10% of the duration curves of hourly average prices in 2021 for the four zones.  

Compared to the other zones, both low and high prices in the West zone were noticeably 

different in 2021, continuing a pattern seen in 2020.  The lowest prices in the West zone were 

much lower than the lowest prices in the other zones and the highest prices in the West zone 

were also generally higher than high prices in the other zones.  The differences on both ends of 

the curves can be explained by the effects of transmission congestion.  Constraints limiting the 

export of low-priced wind and solar generation to the rest of the state explain low prices, 

whereas localized constraints limiting the flow of electricity to the increasing oil and gas loads in 

the West explain the higher prices, typically in times where wind and solar energy resource 

output is low.    

Figure 10:  Zonal Price Duration Curves 

 

For additional analysis of price duration curves, see Figure A6 and Figure A8 in the Appendix. 
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C. Evaluation of the Revenue Neutrality Allocation Uplift 

As shown in the all-in price analysis above, uplift costs increased substantially in 2021.  

However, this was not due to higher Revenue Neutrality Allocation Uplift (RENA, further 

described below), which decreased in 2021 to less than $1 million (less than $0.01 per MWh), 

down from $75 million ($0.20 per MWh) in 2020 (RENA would be about $57 million in 2021 

but for the effects of February, representing what would otherwise be a drop of 24% from 2020).  

We evaluate the drivers of RENA in this subsection. 

In general, RENA uplift occurs when there are certain differences in power flow modeling 

between the day-ahead and real-time markets.  These factors include: 

¶ Transmission network modeling inconsistencies between the day-ahead and real-time 

market (Model Differences);  

¶ Differences between the load distribution factors used in day-ahead and the actual real-

time load distribution (LDF Contribution);  

¶ Day-ahead Point-to-Point (PTP) obligations linked to options46 settlements (CRR Uplift);  

¶ Extra congestion rent that accrued when real-time transmission constraints were violated 

(Overflow Credit); and  

¶ Other factors, including the price floor in the real-time market at -$251 per MWh (Other). 

Figure 11 provides an analysis of RENA uplift in 2021, separately showing the components of 

RENA on a monthly basis, with the effects of Winter Storm Uri included.  Net negative uplift 

represents an overall payment to load.  

Almost all the RENA uplift occurred in market hours when there was transmission congestion.  

The largest positive contributor to RENA uplift in 2021 was the LDF Contribution, contributing 

$120 million.  The next largest positive contributor was CRR Uplift, related to NOIE PTP 

Options.  Uplift from the contributions of transmission model differences between day-ahead and 

real-time, described as Model Differences, was mostly negative in 2021, with the most notable 

contribution in February during Winter Storm Uri.  The negative and positive uplift almost 

completely offset each other over the course of the year, leaving less than $1 million in net 

overall RENA. 

 
46  A Point-to-Point obligation linked to an option (PTPLO) is a type of CRR that entitles a Non-Opt-In Entity's 

(NOIE's) PTP Obligation in the DAM to reflect the NOIE's PTP Option that it acquired in the CRR auction 

or allocation.  Qualified PTPLOs are modeled as obligations but settled as if they were options. 
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Figure 11:  ERCOT RENA Analysis (with Uri ) 

 

Figure 12 below provides an analysis of RENA uplift in 2021, separately showing the 

components of RENA on a monthly basis, without the effects of Winter Storm Uri included.  

Under this analysis, the largest contributors to RENA uplift in 2021 were due to oversold 

amounts in the DAM, contributing $66 million, and model differences, contributing $34 million.  

These uplift costs were partially offset by $15 million in negative uplift related to overflow 

credits when the shadow price reached the shadow price cap for a transmission constraint, and 

other negative uplift of $21 million. 

Figure 12 also shows that RENA uplift from the settlement of DAM PTP obligations linked to 

options, described as CRR Uplift, was relatively high in March, and the uplift from transmission 

modelling differences was high in October and November.   
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Figure 12:  ERCOT RENA Analysis (without Uri)  

 

The task of maintaining accurate and consistent load distribution factors across all markets is a 

difficult one, made more so in areas with large amounts of localized load growth.  These are 

exactly the types of areas that draw higher levels of market interest.  To the extent ERCOT is 

unable to predict accurate load distribution factors across all markets, RENA impacts will 

persist.  NPRR1004, Load Distribution Factor Process Update, (approved on August 11, 2020) 

is still pending an implementation date and should help reduce this uplift. 

D. Real-Time Prices Adjusted for Fuel Price Changes 

Although real-time electricity prices are driven largely by changes in natural gas prices, they are 

also influenced by other factors.  To summarize the changes in energy price that were related to 

these other factors, an ñimplied marginal heat rateò is calculated by dividing the real-time energy 

price by the natural gas price.  Figure 13 and Figure 14 show the implied marginal heat rates 

monthly in each of the ERCOT zones with and without the effects of Winter Storm Uri.  This 

figure is the fuel price-adjusted versions of Figure A3 and A4 in the Appendix.   
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Figure 13:  Monthly Average Implied Heat Rates (with Uri)  

 

Figure 14:  Monthly Average Implied Heat Rates (without Uri)  
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The implied heat rate varied substantially among zones in 2021, particularly in February as 

extreme cold weather led to high load levels and prices.  Transmission congestion and 

differences in load levels drove zonal differences, particularly for the Houston and West zones in 

February and April 2021.  Overall, average implied heat rates were as expected for a year with 

periods of extreme operating reserve shortages in February and minimal reserve shortages during 

the summer. 

The implied heat rate is mostly lower than 2020 when the effects of the extreme cold weather of 

February are removed from the analysis, especially during the second half of the year.  This can 

be attributable to more coal output due to the high natural gas prices, as well as the effect of 

more conservative operations in the latter half of the year. 

Figure 15 shows how the implied heat rate varies by load level over the past three years.  As 

expected in a well-performing market, 2021 exhibited a positive relationship between implied 

heat rate and load level, though the magnitude of the change is somewhat lower than the 

previous few years.  Resources with higher marginal costs were dispatched as load approached 

peak.  For additional analysis of real-time energy prices adjusted for fuel price changes, see 

Figure A9, Figure A10, and Table A2 in the Appendix. 

Figure 15:  Implied Heat Rate and Load Relationship 
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E. Aggregated Offer Curves 

The next analysis compares the quantity and price of generation offered in 2021 to that offered in 

2020.  By averaging the amount of capacity offered at selected price levels, an aggregated offer 

stack can be assembled.  Figure 16 provides the average aggregated generator offer stacks for the 

entire year, as well as the peak load hour of the year.    

This figure shows that in both periods, as in previous years, the largest amount of capacity is not 

dispatchable because it is below generatorsô Low Sustainable Limit (LSL) and is a price-taking 

portion of the offer stack.  The second largest share of capacity is priced at levels between zero 

and a value equal to 10 times the daily natural gas price (known as the Fuel Index Price, or FIP): 

$(10*FIP).  This price range represents the incremental fuel price for the vast majority of the 

ERCOT generation fleet. 

Figure 16:  Aggregated Generation Offer Stack - Annual and Peak 

 

Figure 16 shows that in 2021, on average: 

¶ The amount of capacity offered below LSL increased by about 1,000 MW 

¶ The amount of capacity offered at prices less than zero attributable to wind and solar 

increased by approximately 1,900 MW. 






































































































































































































































